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DHCLARA TION OF C H RISTOPHER J- N AGEL UNDER 37 C. F.R. 1.132 

Assistant Comiiiissio.oer of Patents and 'Trademarks 
I'.O. Bux 2327 
Arlington, VA 22202 

Sir: 

1, Christopher J. Nagcl, of Wayland, MA, declare and state that: 

1 . I &XV an inventor of" the suhject matter described in U S. Serial No. 09/4] 6,720, 
claiming a manufacturing copper and a method ol' preparing said copper. This patent application 
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was filed on behalf of Atomic Ordered Materials, LLC, 421 Currant Road, Tall River, 
Massachusetts 02720. 

2, 1 have thoroughly studied the above-identiticd application and tht Office Action 
mailed from the Patent Office on July 22, 2002. The Examiner states that Claims lO.T and 104 
are rejected as being unpatentable over Ishida, et ah (U.S. Patent No. 5,308,379; hereinafter -'the 
'379 Patent") or Japanese Publication No. 4-99236. The F.xamincr states that the \379 Patent 
discloses an extra low oxygen copper that is produced by a melt process where graphite i.s 
present and reducing gase.s are added. The Examiner states that J P 7-99236 discloses an extra 
low oxygen copper produced by mixing nitrogen, argon and/or carbon monoxide with a molten 
metal, l lie Examiner asserts that although the instant method and the methods disclosed in the 
cited references are not identical, the resultant copper products would be identical. The 
Examiner states that the burden for overcoming the cited references is tO present evidence 
estabhshiTig an unobvious difference between the claimed product and the prior art products. 

3. I have perfomied extensive research in the metallurgical art.s. I received a B.A. in 
Chemical Engineering from Michigan Technological University and a D.Sc. in Chemical 
Kngineering from the Massachusetts Institute of Technology. In addition, I have been employed 
by the United States Steel Corporation Gary Works (Oai-y, Indiana) and Molten Metal 
Technology, Inc. (Walthani, Massachusetts), The results of my work are disclosed in rurncrous 
patents. Examples of such patents include U.S. Patents Nos. .5,640,706, 5,640,707, 5,640,709, 
5,67Qt132, 5,717,149, 5,744,1 17, 5,776.420, 5,866,095, 6,096,109 and 6,258.988. In particular. I 
am lamiliar with the properties and behavior of metals or alloys near or above their melting 
points, and after they have subsequently re-solidified. 

4. Metal compositions prepared by the method of the instant application have 
unexpected properties, as compared to metal compositions prepared by conventional methods. 
Novel properties include changes in color, luster, hardness, magnetism, as well as in the x-ray 
fluorescence spectrometry signature typically associated with those metals. Additional data 
related to novel properties of metal compositions prepared by the instant method can be found in 
U.S. Serial No. 10/123,028, filed April 12,2002. 
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5. Differeuces have been demonstrated between manufactured eopper and extra low 
oxygen copper (ELOC), manufactured in exact accordance with Kxample 1, saj^iple of invention 
Nos. 2 of U S. Patent No. 5,308,379, via a two fold approach: 

1 ) On behalf of Atomic Ordered Materials (AOM), myself and others working under 
my direction have reproduced the patent material and through independent party 
testing has validated significant difftsrences in the physical properties of the 
ELOC and manulactured copper. Manufactured copper refers to copper that ha.s 
been prepared according to the in.stant method. 

2) 'I hrough a third-party, the original inventors (U.S. Patent 5,308,379) have been 
contacted and the difiercnces in physical properties have been confirmed. 

C'ritfei ia for Comparison 

In order to validate the differences bctvi'ccn ELOC and manufactured copper, a 
mechanism was developed that: 

1 ) Ai lowed ready comparison, of the two materials through clear metrics, 

2) Measured ubiquitous changes in the manufactured copper that were significantly 
different from tlie properties of ELOC and/or non-processed copper. Non- 
processed copper refers to copper that has not been prepared by the method of the 
'379 Patent or an equivalent method or by the method disclosed in Lhe instant 
application. 

3) Depended on data readily available in the public domain (i.e., typically straight- 
forward, low cost analyses, not considered proprietary) or data that could be 
readily gathered from reproducing the method of the '379 Patent. 

Several metrics were identified lo demonstrate Lhe controlled physical property changes 
oh.sei-ved in the new composition of matter. For example, some physical properties that fit the 
criteria above include, but are not limited to, hardness, magnetic character changes, variations in 
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color, and characteristic changes in the XRF spectra. The table below highhghts the data that 
will be presented in this document. 



Table 1: Composition of Malter Change.s Evidenced by Msijor Changes in Physical Vroperties 



Physical Proi 


jerties Manipulated 




Non-Proccsscd 


Extra-Low Oxygen 
Ooppcr 


Manufactured Copper 


Color 


Copper 


Copper 


Red 


Lustre 


Metallic 


Metallic 


Olassy/Mctallic 


Hardness (Rock>vcIl F)' 


N/A 


25 


43 


Magnetism 


None 


None 


• Fcrromagnelism: 
attraction to iron filings 
(or powder) 

• Magnetic attraction; 
neodymium iron boron 
magnetic attraction 


XRF 


N/A 


Standard 


• K<i, , ccnlroid shift 

• K^, 2 scans are 
anisotropic axial to 
radial 

• Kci,_2 S peal< increase 
relative to starting 
material 



Data Oocu mentation 

U.S. f alent 5.3 QS.379 I nventor's State ment 

Through a third-party con-sultant the original inventor, Norikazu Ishida was contacted at 
the Sakai plant t^f Mitsubishi Materials Corporation. Hardness, den.sity, XRF analyses, and other 
physical properly data were requested. The inventor's response is below (See Attachment 1): 

"Since we [aic] the issuance of patent 5,308,379 we have not 
followed this research so there is no new data or information that 
we can offer. We do not produce extra- low oxygen-free copper 
(<0.5 ppm) at this time but we do manufacture OFC with an 
oxygen content of about 1 ppm on a commercial basis. The 



' Rockwell Hardness F scale using, l/l6" ball and 60 kgf. 
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material has essentially (he same properties as the exlra-low 
oxy^en-free copper. "' 

Given that the inventor specified that the physical properties of the patent material were 
"essentially the same" as the commercially available Ol"C material with <1 ppm oxygen, the 
properties of Mitsubishi's commercial Class 1 i'-68 (<1 ppm oxygen) material were investigated. 

Attachment 2, taken directly from the Mitsubishi Materials website^, shows a tabulation 
of typical physical properties of the 01*C copper which the inventor has stated arc representative 
of the material produced by the method of the '379 Patent. Table 2 below compares the physical 
properties of the '379 Patent copper to that of non-processed copper. No significant difFercncc 
exists between the material produced by the method of the '379 Patent and non-processed 
copper. Hence, the physical properties of the copper material generated by the method specified 
in the '379 Patent are within the domain of the composition of matter characterized by non- 
processed natural copper. 



Tnhle 2: Copper Prepared By The Method of The *379 Patent Has the Same Pruperlics as Non-processed 
Copper 



Material Property 


OFC Class 1 F-68 


Non-proccsscd Copper 


Density ^cm^ (293k.) 


8.93 


8.92 


Mclling Point (K) 


1356 


1357.7 


Thermal Conductivity (J/cm-scc-K) 293 K 


•1.03 


4.01 


Vokime. Resistance (.iXicra (293K) 


1.685 


1.673 


Linear Expansion Modules 10" (293-393K) 


17.1 


Ifi.fi 


Yoims's Modules lO'MPa 


1.18 


1.30 


Rigidity lO^MPa 


OM 


0.48 


OFC properties as reported liy Mitsubishi Motenals; Non-processed Copper properties as repOjted by The Artificial 
Intelligence Laboratory at the Mas.sachust-tts Institute of reclwology, \»'ww.ai.mit cdu/nctiplc/ik/tks/fQpiiei .hinil and 
Wcbck-mcnts. www.wirbi.-k-ini.-Di.S.coin, Mark Winter, The University of Shclfield. 



Reproductio n of ELOC material 

To pro\'ide further evidence of fundamental differences and distinctions between the 
manufactured copper of the subject application and the ELOC of the '379 Patent, we replicated 



Froii) Tshida Norikasoi ( nQisliida(i";; mrnc.f.o.ip> through Craig J, Craven f ccraiufj/ mm c.c'ro.ip) and copied to 
Hori Kazumasa (horikt^irnric.co.jii) and Kakimoto Akihiro ( akkjnt(fViii i[iu .f:Q. io). dated Friday, September 13, 
2002 at 3:52 am. 

www.mmc.co-ip /sakai/cnu/product ii/ofcclass.htm. 
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Example L sample of invenlion Nos. 2 of the '379 Patent. The process and experimcnlal 
program outlined in the patent were followed explicitly. Tor unspecified items, such as casting, 
heating/cooling rate, or lance injection mode (e.g., bubbling versus jetting), an expert ol" 
extraordinary skill in the iirl was consulted. Prof. Merton C. Flemings, Ph.D.*, former Chair of 
the Materials Science and Engineering Department of the Massachusetts Institute of Technology 
(MIT), Toyota Professor, and Director of the Materials F'nicessing Center assisted with the 
development of the experimental program with respect to the unspecified conditions. 
Attachment 3 shows a run summary and the Standard Operating Procedures (SOP) from the 
demonstration. 

A 15 kg ingot of ExtTd-Low Oxygen Copper was generated via the procedure outlined in 
the patent and delineated in Attachment 3- Described below is a detailed comparison of 
representative physical properties of non-processed copper, ELOC copper, and manufactured 
copper. 

Color 

Non-processed Copper Color 

Only two of the naturally-occurring meials in nature are 
not silver in color, gold and copper. Non-processed copper's 
color is distinct. Shown to tlic left is a picture of a naturally- 
occurring copper nugget taken from a streambed in Minnes<ita 
(wcbsilc: hUp://[jooK)uvAibo ut.com/librarv/hl.''imii^es.''hlcc)pper.htm ). Because native copper 
corrodes fairly quickly al surface conditions, nuggets like this do not last long. Upon ai;ing, 
copper will tarnish (due to oxidation) to a green patina. 




Prof. Merton C. Flemings canied his S.B„ S.M., and Sc.D, in metallurgy from MIT and ha.s served as a 
metallurgist at Abex Corporation. He has received the TMS Leadership award from Ihc Minerals, jMetals, and 
Materials Society, the Simpson Gold Medal from tlic American Foundry Society, and is « lellov of ASM 
International, TM.S, and the Japan Iron and Sled Insutulc. He currently acts as a rnalerials and metallurgy 
COnsiiilanl lo industry and is a renowned expert in non ferrous and ferrous casiing. 
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KxtT a-Low Oxygen Co v vor (ELOC) re oroduccd via U.S. Pa ten l 5.308,379 C olor 

The ELOC ingot generated via the method described in U.S. Patent No. 5,.108.379 
exhibited ihc same color as non-processed coppur, namely the distinct color of a copper penny. 
The slight black markings on the top of ihc ingot are caused by carbon deposits\ that settled on 
the top (e.g., dross) during casting. 




Figure J : Ej:tra-l.ow Oxygen Copper (ELOC) reproduced via U-S. Patent No. 5^08^79 

K^anufa ctured Copper Color 

Througll the method disclosed in the instant application, we have changed the color of 
elemental copper (>99.98%wi) demonstrating a change in the composition of matter. Shown 
below -Arc two images (views) from a manufactured copper run (14-00-03; Attaclirncnt 7, also 
disclosed in I ].S. Serial No. 1 0/123,028), in which the color changed to an intense, deep red. In 
addition, a glass-like luster (non-proccsscd copper has a metallic luster) was generated. 



ELOC patent Specifications alTord for the pre^icncc of carbon in the griiphite cmciWc and iht- injerfed CO. 
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Note the distinct red color, as made apparent by tlic yellow highlighter, white paper, and 
black benchtnp in the backgi-ound of the left-hand image. This intense red color is not seen in 
naturally occurring copper. The lop view shows the glassy luster, as opposed to the metallic 
luster exhibited by non-processed copper. 



Comparison of Non- Processed, ELQC and Manufactured Copper Color 

The ELOC we prep£tred exhibits the characteristic non-processed (natural) copper color, 
while the manufactured copper ingot is deep red. Shown below is a picture of the niatiufacturcd 
copper ingot from above (Run 14-00-03) sidc-by-side with the KLOC ingot (Run 14-02-07). 
While the manufactured copper is an intense red color (sec reference visible spectrum in 
background), the ELOC is the color of non-processed copper. Thus, we have induced a color 
change in the manufactured copper, demonstrating that a new composition of matter has been 
prepared ( 

Tables). 
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Table 3: Induced Color Change in Manufactured Copper 



Physical Property: Color 




Non-Processcd Copper 


ELOC 


Manufactured Copper 


Color 
Luster 


cropper 


Copper 


Red 


Metallic 


Metallic 


Cilassy/Metallic 



Hence, the color of the ELOC ingot is the expected color of non-processed copper, but 
the manuraciLircd copper is a deep, intense red, with a glassy (as opposed to metallic) lustre. 



Magnetic Properties 

Non-T)rocKssed Copper Magnetism 

Non-processed copper docs not exhibit ferromagnetism; il does not attract iron filings, 
nor does it attract known magnets. Only five elements (iron, l"e; cobalt, Co; nickel, Ni; 
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gadolinium. Gd; and dysprosium, Dy) and iheir alloys exhibit ferromagnetism, a phcnomonon in 
which exchange coupling is believed to occur between adjacent atoms, coupling their magnetic 
moments together in rigid parallelism. "7%/."? is a purely quantum effect and cannot be explained 
in terms of classical physics. Modem quantum physics successfidly predicts thai this 
[phenomenon] will occur only for the five elements listed".^ 

Hence, non-proccsscd copper exhibits no special or unique magnetic properties. 
ELOC Mat^netism 

Upon completion of the generation of the ELOC 15 kg ingot, a series of experiments 
were perfonned (identical lo those performed on the manufactured copper) to identify any 
unique properties. Tlic protocol included testing via three different methods: 

Ma gnetic attraction : An 1/8" diameter neodymiuro iron boron magnet was scanned 
consistently and uniformly across the surface of the ingot to detect areas of attraction. 

Attraction to i ron: The attraction of iron filings (or powder) to specific points on the 
ingot were quantified by enumerating the number of filings retained on the ingot surface 

in a vertical or upside-down orientation. 

(lauss measurement : 'Hie magnetic behavior of various points on the ingot (cross- 
sectional grid system) were quantiiied via the use of a F. W. Bell 4048 Gauss meter. 

The HLOC exhibited no point attractions U) magnets, no attraction to iron illings, and no 
Gauss readings. Moreover, no unique magnetic properties were stated by the patent inventor or 
by Mitsubishi Materials (sec Attachments 1 and 2). 

Hence, ELOC exhibits no unique or distinguishable magnetic properties, and is similar in 
behavior lo non-proccsscd copper. 



* Fundamentals of I'hvsics : David Halliday and Rolicrt Resnick, John Wiley &. Sons, Inc. © 1974, Sec. 33' 

5, p. 619. 
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M anufactured Cop per Magnetism 

Hiemenlal copper (e.g. >99.98%„.i) manufactured via the procedure outlined in the instant 
application revealed magnetism^. Discrete magnetic points exhibited equivalent attraction to a 
neodymium iron boron magnet (l/S'' diameter, sec testing protocol above). The manufactured 
copper also exhibited magnetic point attraction to iron filings (or powder). This behavior, 
exhibited by the manufactured copper, is that which would be expected from a ferromagnetic 
material. 'J'he following pictures show the ferromagnetic behavior of the manufactured copper 
ingot. 




These enlargements show actual 1/8" diameter ncodynijutn iron boron magnets, attracted 
to the int|ot from patent demonstration run 14-00-01 (Attachment (i, also disclosed in U.S. Serial 
No. VT)/1 23,028). 

Neither non-proccsscd copper nor the reproduced ELOC exhibited any magnetic 
attraction. 



Multiple patent ivn demonstrations revealed magnetic properties in >99.98%„, pure copper. I he figures in 
thi.'q section arc from patent riemonstration run 14-00-01. 
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Table 4: Manufactured Copper Exhibits Magnetism Unlike FXOC or Non-proccsscd Copper 



Physical Property: Magnetism 




Non-processed Copper 


El.OC 


Manufactured Copper 


Magnetism 


None 


None 


• Ferromagnetism": attraction 
to iron filings (or powder) 

• Magnetic attraction: 
neodymium iron boron magnetic 
attraction 



Hardness 

Hardness is one of the physical characteristics commonly used to identify a material in its 
eltjmental slate. Material hardness is believed to be controlled by the bond strength, character, 
and atomic coordination; cold working can affect hardness. 

Both ELOC and manufactured samples were handled identically; neither the ingot 
developed via the '379 Patent method (to give "processed copper"), nor the ingot developed by 
the method of the instant application has been either rolled, cold worked, or the equivalent. That 
is, neither the processed or manufactured copper have been subjected to post process (cold) 
working. 

Nnn-proccssc cl Copper Hardness 

The data for the hardness of natural copper (non-workcd) is unavailable and not relevimt 
to this discussion. As most copper has been worked in some manner, the hardness data reported 
in the literature is for manipulated samples. For example, tlie simple act of cutting the copper, 
can work harden a local area. Hence, particular caution was taken in preparing the ELOC and 
manufactured copper ingots for testing (i.e., post cutting, the testing surface was polished to 
obtain consistent and accurate results). 



Modem quantum physics predicts ferromagnctism tor five elements: Fe, Co, Ni, Gd. and Uy 
(Fundamentals of Physics, Hall iday and Rcsnick). 
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HLOC Hardness 




Hardness testing of the ELOC ingot was performed by Mark 
Janscn at the University of Massachusetts Dartmouth Mechanical 
Engineenng Depaitment (and overseen by Prof. Sheril" D. El Wakil). 
Tlic machine used ibr testing was an Oftlcinc Galileo Model A200 
(shown at left). A standard Rockwell F test was perfonned with a 
1/16" ball and 60 kgf. 

The sample was 
tested in multiple locations, 
with a resultant hardness of 25 on the Rockwell F scale. 
To prepare the sample for testing, the copper ingot 
sample was etched. First the copper material was 
polished to between 3 pm and 6 pm. Then the ingot was 
submerged for 10 seconds in an etching solution 
consisting of 25 ml NH4OH (ammonia), 25 ml 3% II2O2 
(hydrogen peroxide), and 25 ml ddonized H2O. The 

sample was thea rinsed in DI water. The picture at right shows the locations of the h 
sample testing for the ELOC. 




Manuf actured Coppe r Hardncsii 




Via the: same hardness testing methods as 
used on the ELOC (described above), and through 
the same independent party, we tested the hardness 
of the ingot prepared via the method outjirxed in the 
instant application (included in the attachments as 
Run 14-00-03). The ingot was tested at multiple 
locations, after etching in the manner described 
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above. 

The rcKultant hardness was 43 on ihe Rockwell F scale. Tlic Standard deviation for the 
hardness testing was ) .5 {a=l .46), hence the hardness results obtained for the KI.OC copper and 
the manufactured copper were siatisiically, significaiuly different- 
Table 5 below summarizes the hardness data obtained via third-party testing using the 
Rockwell F hardness scale. 



Table 5: Maiiur«Ctured Coppt r hos llardne.<:s Distinct and Oiffcrent from ELOC and Noii-proccsscd Copper 



P hysica l Pr operty : Ha rdness 



Noii-Proccsscd 


Kl.OC 


Manufactured 


Copper 




Copper 


N/A** 


25 


A3 



Hardness (Rockwe)l !«', 

1/16^' ball, 60 kgO* 

* The standard deviation on ihc hardness Testing was rypically ^L.i wiih the greatest standard deviation being 3.5 
(this data series had one outlying data point, skcwinj; the statistics). In all cases tbe hardness of sample 14-02-07 
(F.I.OC) wa.i stati.stically, significantly less than the manufactured copper (14-00-03). 

**A11 natural copper obtained by AOM had been cold worked in some fashion (e.g., pcllctizalion). ilence, no 
natural copper sample vas readily available that could be tested on an equivalent basis to the ELOC and 
manutacturcd copper. 



Hence, the manufactured copper exhibits statistically significantly different hardness 
from Ihc ELOC. 



X-ray Fluorescence Spectrometry^ 

X-ray iliiorescence spectrometry (see Attachment 4) was used lo determine the electronic 
and quantum state character of the subject material. Tlic copper used to produce both the CLOC 
and manufactured copper was extremely pure (>00.9t> Cu and >99-98%w, Cu, respectively) 
and low in sulfur (e.g., < 7ppm). X-ray fluorescence spectroipetvy (XRF) analyses can verify 
changes in electronic character via spectral emission profiles and cmis.sion prolilc ccnlroid shifts. 



X-ray fluorescence (XRI-) spectroscopy provides ciualitative identification and quiiiititative determination 
of an elemental composition (bulk). An X ray tube Is used to excite and remove an inner shell electron; the 
resulting vacancy i.s Iillcd by an outer shell electron. The transition from outer shell lo inner shell is accompanied 
by an X-ray photon emission whose wavelength is indicative of the energy difference and hence the element. 
Emission intensity i.s indicative of elemental concentration. 
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Non-processed Copper XRK 

Naturally occurring (non-processed) copper is typically high in sulfur content due to the 
high solubility of sulfur in copper. Therefore, no XRF was perfoimed on non-processed copper 
as the net result would be an XRF showing high quantities of sulfur, with no relevance to the 
present technical discussion. 




ELOCXRF 

XRF analysis was perfonned on both the starting ELOC material (electrolytic, oxygen- 
free copper) and the final Extra Low Oxygen Copper (ELOC) replicated product. XRF was 
performed by an independent party, Dirats Laboratories, using an ARL 9800XP Multichannel 
XRF Quantometer.'" See Attachment 5 for sulfiir Kq^,^ scan protocols. 



Dii&is Laboratories is located at 41 Aiipon Rd. Wcstfield, MA. All XRF scans were performed in an 
identical mantier using ao incemental S-type scan, a Gel 11 crystal, and an FPC detector. The acans were 
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The copper starting material for the production of El.OC: was obtained from Mitsubishi 
Chemical using their oxygen-free copper anode material: "an electrolytic grade oxygen- free 
copper having an oxygen content less than 20 ppm""; typically .>99.98 Cu. Shown below is 
an XRF of the starting material (prior to processing) along with axial and radial scans of the 
E[,OC product. 

Minute amounts of sulfur were found in the starting material. As expected, the 
processing protocoJ, designed to manufacture uhra-pure copper, was successful in lowering the 
sulfiir content unifomily in both the axial and radial directions. 



Manufactured C (.)ppfcr XRF 

XRF analysis was performed on both the starting material and the linal manufactured 
copper product. XRF was performed by the same independent party, Dirats Laboratoriess, using 
tlic same analytical protocol used for the ELOC. 

The copper chop starting material for the manufactured copper was obtained fiom 
Hickman, Williams, & Company, typically >S)9.98 %wt Cu. Shown below is an XRF of the 
starting material (prior to processing) along with axial and radial scans of the manufactured 
copper product. Several different and unique results were obtained. 



performed through the angles 109.7 to 1 1 1 -7 at increments of 0.02, with a counliiig time of 5 sec. The sea 
pta-formed m a vacuum environment using a fine collimator, with rotation, no PBF, and elliptical mssk 2. 

" U.S. latent No. .'5,30f5,379 by Ishida (Mitsubishi); column 3; liness 13-14. 
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109.7 110.1 110.5 110.9 111.3 111.7 

2 Theta Angle 



Figure 3: Sulfur K^^^ ^ XRF Scans of manufactured copper procUiCt (AOM Mf(l) 

First, the sulfur content of the material showed an apparent increase, although the 
processing enviroivmcnt would be expected to strip suIfUr. Sulftjr was not input into the 
proce-sijing system and potential residual .sulfiir sources (e.g., graphite crucible) were held 
constLint'- between the Kl.OC and manufactured copper runs. Moreover, LECO analysis, a 
combustion-based analytical method followed by ga.s phase infrared SOx detection, showed no 
corresponding increase in sulfur content, indicating that this result is strictly related to the 
electronic nature of the material'^. Close inspection of the electronic spectra, reveals a K^^ 
centroid shift, wliich is a measurement and expression of altered electronic character. 

Second, the apparent increase in sulfur content is anisotropic, despite the use of a well- 
mixed system having extremely high sulfur solubility (~30 %wi). Directionally-dependent 
compositional changes are unexpected in a well-mixed, uniform, natural high purity elemental 
copper system. While not being bound by theory, anisotropic behavior is explainable if the 

'- The ciucible.s used were the same grade and purily level, and purchased from the same raanulacturcr. 

rhe iiiaiuiracuirL-d copper has been cht'iiigetl such lhai ihc XRF results show an increase in sulfiir content 
whik" actual .'lulf'ur composition stayed the same or decreased. 
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altered electronic character induces a type of long-range ordering that is detectable via XRF 
analysis. 

Third, the instmrnent-calculatcd ccniroid (the analytically-predicted characteristic 
distribution center) for each of the starting materials was 1 1 0.66'". I'or the axial scan of the 
manufactured copper, iJie scim showed a 2i4 fold increase in appareni sulfur concentration, the 
centroid shifted to the right, from a 2 theta angle of 1 10.66 to 11 0.70, which is an indication of 
the change in electronic character. 



XRF Comparison of CLOC vs. Manufacture d Copp.er 

Identical procedures were perfonned by an independent party to perform XRP analysis on 
the starting materials and the ELOC and manufactured copper products. The following 
observations were made and quiuiLified. 

• The suli ur content of the HJ.OC starting material decreased as expected during the 
processing to create ultrapurc copper (see Figure 2). The sulfur content of the 
manufaelured copper showed an apparent increase despite the fact that there was no 
apparent source of sulfur and the processing conditions favored the removal of sulfiir 
from the system (sec Figure 3). While not being bound by theory, this apparent increase 
in the sulfur concentration delected by XRF (not detectable via combustion based 
analytical methods, such as LECO) may be explained by a change in the underlying 
jr electronic character of the material. The table below quantifies these changes. 



Ihc actual peak is between 110.66 and 110.64; artifacts of interval .sample collection can assifin a suJlur 
K,,^ peak to 110.64. 



PAGE 1 9/37 * RCVD AT 3/3012004 1 1 : 12:06 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/24 * DNIS:2?31319 ' CSID: « DURATION (mm-ss):12^)0 



03/30/2004 12:21 FAI 



ELMORE/CRAIG. PC 



11020 



09/4I6J20 

-19- 



XRF Sulfur Ka, , Analysis 


Counts per Second 

ta measure of nsliilive tnnccnlration) 


% Change from 
Processing 


Replicated KLOC:: 


Starting Material 


542.7 




ELOC Radial 


252.4 


-53.49% 


ELOC Axial 


267.8 


-50.65% 


Manufactured Cu (14-01-01): 


Starting Material 


215.0 




Manufactured Radial 


321.8 


^49.67% 


Manufactured Axial 


543.S 


^152.79% 



• Wliilc the apparent decrease in sulfur For the El ,0C product was uniform (as is expected 
in a well-mixed system, see Figure 2), the manufactured copper showed a dircctionally- 
biased concentration discrepancy (unexpected in a well-mixed system, see Figure 3). The 
anii>oln)pic behavior of the manufactured copper is quantified in the table below: 



XRF Sulfur Ka, 2 
Analysis 


Counts per 
Second 

(a iriea-sureof 
relative 

conceiuiation) 


% Change 

from 
Processing 


Difference in 
% Change 

(axial to radial) 


Isotropic vs. 
Anisotropic 
Behavior 


Replicated KLOC: 










/" Starting Maimai 


542.7 








ELOC Radial 


252.4 


-53.49% 


2.84% 


isotropic 


h-;L.OC Axial 


267.8 


-50.65% 


Manufnclured Cu 
(14-01-01): 










Starting Material 


215.0 








Manufactured 
Radial 


321.8 


^49.67% 


103.12% 


Anisotropic 


Manufactured Axial 


543.8 


■"1 52.79% 
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• Finally, the detected centroid (detemiined computationally via the XRi- instnimentalion) 
in the starting materials and in the ELOC product was consistently 1 10.66. However, the 
ccntroid for the inanufactured copper product in the axial direction was 1 1 0.70 (see 
ccnlroid shift in Figure 3), which statistically different from the expected value (1 10.64- 
1 10. 66). The centroid shift is quantified below: 



XRF Sulfur Ka, , Analysis 


Counts per Second 


Centroid" 


Replicated ELOC: 


Starting Material 


542.7 


1 1 0.64 


ELOC Radial 


252.4 


110.64 


Ki.OC Axial 


267.8 


110.66 


Manufactured C.'u (14-01-01): 


Starling Material 


215.0 


110.66 


IVJanufacturcd Radial 


321.8 


no.66 


Manurttclured Mfd Axial 


543.8 


110.70 



The XRF results Irom the ELOC processing were as expected, detecting very small 
quantities of sulfur that arc uniformly removed via processing. 



The eombincd sulfur Kaj ,XRF analysis of inanulacturcd copper reveals a change in the 
underlying composition of matter; (1 ) Lhe apparent .sulfur concentration increa.sed'* (althoutjh no 
source Df.sulfur existed and operating conditions favored sulfur removal); (2) the sulfur 
ooneentraiion increased in a direclionally-dcpcndcnl manner (i.e., anislropic change in an 
isotropic syslcin), and: (3) a shillcd sulfur K„| ., ccntroid. 



The adual peak is bciwccn 1 10.66 and 110.6-1; artifacts of interval .sample collection can a.s.sign a sulfur 
K„ peak to 110.64. 



No thani;cs in sulfur concentralion wcrir dciLxlcd \-\a LECO analy.si 
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■J able 6: The XRV from MnoMfacTOrcd Copper is Disdncl from ELOC Copper 



Physical Properly: XRF Spectra 




ELOC Copper 


IManufactured 
Copper 


XRF Ka, J S Spectra 


Expected 


Unexpected 


Processing 
Concentration 
Change 


Decreased 
(stripped during 
processing) 


Increased 
(no S source; process 
favors decrease) 
Anisotropic 


Uniformity of 
Concentration 
Chanae 


Isotropic 


Centroid Shift 


10.64-10.66 


10.66 to 10.70 



The detected shifts in energy levels and electronic states of the manufactured copper 
indicates a change in the composition of matter. 



Conclusions 



We have applied a scientifically defendable mechanism to demonstrate that the 
manufactured copper of the subject patent is significantly different from ELOC, and cannot be 
prepared by the methods disclosed in U.S. Patent No. 5,.o08,379. 



1 . We have contacted the inventor of the '379 Patent who stated that the physical 
properties of ELOC are not significantly different from "-oxygen-free" copper, 
having less than ) ppm oxygen. 

2. We have reproduced ELOC and tested it, via independent parties. No significant 
physical property changes were observed to distinguish it from the .starting 
material or ''non-processed'' copper. 

3. We have demonstrated significant and Unique electronic state and quantum 
character chajige, coupled to significant physical property change Ibr the 
manufactured copper of the instant application. 
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Table 7 dononstrates a few ruprcscnlative examples of physical parameters that have been 
modified from those of non-pnicessed copptT. Note, in each case, the manufactured copper 
exhibits unexpected physical characteristics while ELOC's properties inatch those of non- 
processed copper. 



Table 7: Cumpushion of MHtler CUnnSfS I'.virlcncirt by Major Changes in Physical Properties 



Physical Properties Manipulated 




Non-Processed 
Copper 


Extra-Low Oxygen 
C-oppcr 

Copper 


Manufactured Copper 


Color 


Copper 


Red 


Lustre 


Metallic 


Metallic 


Glassy/Metallic 


Hiirdness (Kockwell l<)" 


N/A 


25 ! 43 


Magnetism 


None 


None 


• I-eiTomagretism; 
atiraction to iron filings 
(or powder) 

• Magnetic attraction: 
neodymium iidn boron 
magnetiu attraction 


XRF 


N/A 


Standard 


■ K.„| , ccntroid shift 

• K„| , scans are 
anisotropic axial to 
radial 

• Ka, , S peak increase 
relative to starting 
material 



0. Based on the differences in properties between manufactured copper, prcpiired by the 
method of the instant application and 'Mioii-proc^jb.sud"' copper or extra low oxygen copper, the 
niLtnuraetiired copper has properties that arc unexpected. Section 5 demonstrates The differences 
in properties can be observed, for example, in the color, luster, hardness, magnetism and x-ray 

fluorescence spectra ofinanufacmred copper. 

7. 1 hereby acknowledge that all statements made herein of my own knowledge are true 
and that all statements made on iiifonnation and belief are believed to be true: and further that 
these statements were made with the knowledge that willful false slatcnnents and the hkc so 



" Rockwell I lardne.w F scale using 1/1 6" hall and 60 kgf. 

PAGE 2313/ ' RCVD AT 3130/2004 11:12:06 AM [Eastern Standard Time] * SVR:USPTO{FX^^^^^ 



03/30/2004 12:22 FAI 



ELMORE/CRAIG, PC 



@I024 



09/416,720. 

-23- 

inade are punishable by fine or imprisonment, or both, under Section 1 00 J of Title 1 S of the 
United States Code and that such willfiil false statements may jeopardize the validity of the 
application or any patent issxicd thereon. 




Date 
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Attachnient 1: Email Contact with Inventor via Third Party 

Pri-i-MiMs ) Next I HacK to Mcssaoes Priniabt' View - l-yll HeO!lfirr- 

O rtej 1 Reply | Btfly nil | Fofwarj [ [as glU»i:hriieiil [Moue lplol<l«?i ""J 

. TriK iTWRFaijB IS pal fliigyeil. [ rias Message - Marx 05 Umejd 1 

rrOmi ■Bruce C>i9nc<ithvk" i<lvi»>.i.lul<«.li.ttD> »t.- , Ihic » &,»M I AHII tn tnilTm Biuk 



PAGE 25/37 * RCVD AT 3/30I20IH 1 1 : 12:06 AM [Eastern Standard Time] ' SVR:USPW^^^ 



03/30/2004 12:22 FAX 



ELMORE/CRAIG, PC 



il026 



09/416,720 

-25- 

AnachroentZ: 

Taken directly from tlie Mitsubishi Materials website; 

www.mmc.co.jp/sak ai/enu/prt)duc;ts/ofcclass.htm. 

• Microstrucmre after beat treatment 

The large grain size and lack of contamination of Cla.ss 1 (photo below leil) is compared 
to Class 2-3 (photo below right). 



Class 1 Microstructure 


Class 2-3 Microstructure 








Item 


Class 1 F-68 


Standard OF 


Density g/cm" (293K.) 


8.93 


8.93 


Melting Point "K 


1,3.56 


1,3.16 


Specific Gravity J/gK (293 K) 


0.3S.'5 


0.385 


Thermal Conductivity J/cm. sec. K (293 K.) 


4.03 


3.94 


Electrical Conductivity %1ACS (293K) 


102.3 


101.5 


Volume Resistance cm (293K) 


1 -685 


1 -699 


Linear Expansion Modules 1 0'''' (293-393K) 


17.1 


17.0 


Young's Modules 1 O^MPa 


1.18 


1.18 


Rigidity lO^MPa 


0.44 


0.44 
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Attachjnejit 3: Reprofluctinii of U.S. Patent 5,308,379 Copper (ELOC) 

HX.PERIMHN TAL PROCHDlJRE FOR COPPER RUN 

A cylindrical Graphite-based crucible of a 100 pound induction furnace reactor 
(Inducioihcnn) fitted with a 75-30R Powertralc power supply was charged with 15 kg copper 
(99.998% purity; 20 ppro oxygen) through its charging port. The reactor was fitted with a 
graphite cap. During the entire procedure, a slight positive pressure of argon (-0.5 psi) was 
maintained in the reactor using a continuous backspace purge. The reactor was heated to the 
metal cliarge Ijquidus point (1200''C), at a rate no greater than 300"F/hour, as limited by the 
integrity of the crucible. The induction furnace operated in the frequency range of 0 kHz to 3000 
kHz, with frcquciiicy determined by a temperature-controUed feedback loop implementing an 
Omega Model C'N300 temperature controller. 

Upon reaching the target temperature of 1200°C a graphite nozzle was lowered into the 
molten copper bath. Tlie graphite nozzle was flowing CO gas at a rate of 5 1/min. Once the 
graphite nozzle was inside the molten copper, copper oxide was added totaling 7.5 grams. The 
injection of CO/CuO was done over a ten minute time frame. After the 7.5 grams of c:uO was 
injected. CO gas addition was continued for an additional ten minutes. When the additional icii 
minuics of CO gas injection was complete, the graphite nozzle was removed from the molten 
copper bath. 

The reactor tejrperature was cooled to 1 177''C at which time the molten copper was cast. 
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Attachment 3: Continued 



R014 SOP 12.9A 


R014 SOP - 12,9A Copper Pattern 5308379 
Run Procedure 


1 Normal Procedure 


Edited bv: 




Reviewed by: 


Approved by; 



Purpose: 

Safety and 

Environmental 

Precautions: 



To perform a run to duplicate pattern number 5308379 on copper 



Normal PPE 

Electrical Safety Procedures 



References: 

Prerequisites: All parts and materials available before the run 



STEP 



ACTION 



REACTOR SETUP 

j«- 4) Wrap the alumina crucible witli one layer of insulating paper. 

5) Place the alumina crucible inside the reaclHr's containment vessel. 

6) Place a two inch thick by 5 '//^ round piece of high density duraboard in the 
ccntcrlinc of the alumina cmcible. 

7) Place the graphite crucible (5 V2" O.D. * 4 '/^ I. D, * H 1/2" tall course grain ) in 
the centerline of the alumina crucible on top of the 2" duraboard. 

8) Assemble the remaining sections of the reactor I.A.W. sop ROM OP 4.0. 
RUN PLAN 

9) Ensure all general safety procedures are followed. 
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1 0) Verify the reactor is completely assembled and leak cliecked lAW R014 SOP 4.1, 
R014 SOP 5.0 and ROT 4 SOP 6.0. 

11) Charge the reactor with 15 kg of 99.998% pure 20 PPM oxygen contenl copper 
through the '/a"' charging port. 

12) Preheat the reactor to 1200 degrees C over a minimum of 1 2 hours. 

CAUTION; 

The 12 hours is required for proper thermal heat-up of the 
crucible. 



13) Upon reaching 1200 degrees C, install the graphite lance into the molten bath 
while blowing CO gas at a rate of 5 l -PM. 

14) Immediately after the lance is installed, begin feeding 7.5 grams of copper oxide 
into the bath over a ten minute time frame. 

15) After the copper oxide is added, continue to blow CO ga.s for an additional ten 
minutes. 

16) After the ten minutes of additional co injection has been completed, iniraediaiely 
remove the gas injection lance. 

17) Shutdown ihc Induction power supply. 

1 H) Allow the bath temperature to decrease to 1 065 degrees C. 

1 9) Procedure to the quenching of the molten copper. 

COPPER QUENCHING 

20) Place two fire bricks at the bottom and in the ccnteriine of the quench vessel. 

21) Fill the quench vessel with 7"' of lap water above ihctop surface of the tire bricks. 

22) Disassemble the top end of Lhc reactor by removing the top plate nuts and 
removing the lop plate. 

23) Don all appropriate PPE - silver suit, spates, silver head/face shield, heat gloves. 

24) Lift the inner graphite cmcible with two ,steel lifting tongs. 
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25) Lower the cmcible into the quench ve.ssel until the crucible is resting on the fire 
bricks. 

26) As the water level decreases due to steam evaporation, replenish the water level to 
the T level. 

27) Remove the graphite crucible irom the quench vessel when the copper is at room 
temperature as indicated by the hand held micron temperature device. 



*End of Procedure** 
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Attacliment 4: Outside Lab XRF Analytical Protocols 

An ARI . 980f.)XP XRF was used to analyze the sample ingot. An ARL 9800XP is a 
sequential wavelength dispci'sive spectrometer (WDS). Specific emission lines arc used 10 
dctcnniiic the presence or absence, and the concentrations of various elements. Each 
characteristic x-ray line is measured in sequence by the instniment by controlling the instrument 
geometry. 

The WDS spcc-lromoicr relies on the fundamentals of x-ray diffraction, when x-ray 
fluorescence occurs when matter is bombarded by a Mlream ofhigh-energy incident xray 
photons. When the incident x-radiation strikes the sample, the incident x-rays may be absorbed, 
scattered, or transmitted for The measurement of the fluorescent yield. 

The ARL 9800XP utilizes an end-window rhodiwn (Rh) x-ray tube. 'I'he end window is 
composed of I^e, and holds the tube at hi^ vacuum. The filaments arc heated giving off 
electrons by themioionic emission. This beam ol' electrons then bombards the target Eh anode 
across a 1 0-70 keV voltage potential. Thus, primary x-rays arc produced during the collision. 
The anitted x-ray spectrum consists of f 1 ) ''Continuum" or '"Brcmstrahlung'' radiation, (2) 
characteri.stic x-ray lines of the target material (e.g., K and L sencs), and (3) characteristic lines 
from any contaminants. Thus, the primary spectrum uppears as a series of sharp intense peaks 
arrayed over a broad hump of continuum radiation. The ARL is equipped with and use.? two 
typos of photon detectors, the h iow Proportional Counter (FPC). 

The mcial samples are prepared by cutting a Cube shape (approximately 1,1875") from 
the center of the cooled ingot. An axial edge and a radial edge are denoted. To provide a smooth 
surface for analysis, the axial and radial faces are sequentially polished. I he sample faces are 
sanded to 400 giit, then a pohshnig wheel js employed with 600 grit paper. Finally, a <1 ).im 
polishing compound completes the smoothing process. Raw material .samples were prepared by 
hydr-tiulically pressing the material into a Hal puck shape. 
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The sample is then cleaned with iso-propyl alcohol and placed in a stunple cassette 
holder. The .sample holder is then loaded into the XRb'. The orientation oflhc detector crystal 
with respect to the sample and the photon detector is controlled synchronously such that 
characteristic x-ray lines can be accurately measured. A sequential measurement consists ot 
positioning the diffraction crystaJ at a given theta (diffraction angle) and the detector at two-lheta 
and counting for a given period of time. The crystal and detector arc then rotated to a different 
angle for the next characteristic x-ray line. 

The ARL OSOOXP output from a scan is a graph of counts per second measured vs. two- 
theta angle. 
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Attachnient 5: Outside Lab XRF Kq.^ ^ scan protocols 
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angle 
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40 
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2 


VBS 


0 
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1200 
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Attiichmeut 6: Experimental Procedure for Copper Run 14-00-01 

A cylindrical alumina-based cniciblc (89.07% AI2O,, 10.37% SiOi, 0.16% TiO^, 0.15% 
FezOj, 0.03% CaO, 0.01% MgO, 0.02% NaiOj, 0.02% K2O; 9" O.D. x 7.75" I.D. x 14" depth) of 
a 100 pound induction furnace reactor supplied by Inductothcnn, fitted with a 75-30R Povvertrak 
power supply, was charged with 100 pounds copper (99,98% purity) through its charging port. 
During the entire procedure, a slight positive pressure of nitrogen (-0.5 psi) was maintained in 
the reactor using a continuous backspace purge. The reactor was heated to the metal charge 
liquidus point plus 300"f", at a rate no gieater than 30()''F/hoiir. as limited by the integrity of the 
crucible. The induction furnace opei ated in the frequence range of 0 kHz to 3000 kHz, with 
frequency detennined by a temperdtLure-conlroUed feedback loop implementing an Omega Model 
CN.7OO temperature controller. 

The temperature was again increased to 2462 °F again using a rate no greater than 
300"17hour, When this temperature was reached, grapliitc saturation assemblies (3/8" OD, 36" 
long higli purity (<5 ppm impurities) graphite rods) wore insseried to the bottom ofthe copper 
charge through ports located in tlie top plate. The copper was held at 2462"? fur 4 hours. Every 
30 minutes during the hold period, an allempt was made to lower the graphite saturation 
assemblies as dissolution occurred. As the copper became .saturated with carbon, the graphite 
saturation assemblies were consumed. After the 4 hour hold period was complete, the graphite 
saturatioa assemblies were removed. 

The reactor temperature was increased to 2480"F over 7 minutes. I'he temperature was 
then varied between 2480 "K and 2530 "F for 1 5 cycles. F.ach cycle coiisistcd of raising the 
temperature continuously over 7 minutes and lowering the temperature continuously over 7 
minutes. After the 1 5 cycles were completed, a gas addition lance was lowered into the molten 
metal to a position approximately 2" from the bottom of the reactor and a 1 .5 L/min flow of 
argon was begun. The temperature ofthe copper was varied over another 5 cycles between 
2480"'F and 2530"F. 



PAGE 34/3/ * RCVD AT 3/3012004 1 1 :12:06 AM [Eastern Standard Time] * SVR:USPTO€F^ 



03/30/2004 12:24 FAI 



ELMORE/CRAIG, PC 



@035 



09/416,720 

-34- 

After the fifth cycle, the retictor Lemperiiture was lowered to 2462"? over a 10 minuie 
period with continued argon addition. Tltc graphite saturation assemblies were reinstalled in the 
copper and remained there lor 1 hour. The graphite saturation assemblies were removed. 

Tlie reactor temperature was lowered to 2459 ^'F over 5 minutes. The reactor was held at 
this temperature lor 5 minutes with continued argon addition. Tlie temperature was then varied 
between 2459°F and 2453 'F over 20 cycles. Each cycle consisted of lowering the temperature 
continuously over 9 minutes and raising the temperature continuously ovtjr 9 minutes. The argon 
addition ceased after completion of the 20 cycles. 

The reactor temperature was lowered to 2450" F over 5 minutes. I'he temperature wa.s 
varied between 2450''F and 2441 ''F over 4 '/s cycles. Kach cycle consisted of lowering the 
temperature continuously over 5 minutes and raising the temperature continuously over 3 
minntes. In addition, while raising the temperature, a 1 .5 [7min flow of argon was added, and 
while lowering the temperature, a 1 .5 L/min flow of nitrogen was added. 

The reactor temperature was lowered to 243 8 °F over 5 minutes. TTie temperature was 
varied between 2438'"F and 2406"F for 15.5 cycles. Each cycle consisted of lowering the 
temperature continuou.sly over 1 5 minutes and raising (he. temperature continuously over 15 
minutes. In addition, while raising the temperature, a 1 .5 l./m ii) flow of argon was added, and 
while lowering the temperature, a 1.5 L/min flow of nitrogen was added. All gas addition, 
except for the purge of nitrogen ceased after the 15.5 cycles were completed. 

^ The temperature was varied between 2406" P and 241 9"l''" for one cycle. The cycle 
consisted of raising the temperature continuously over 15 minutes and loweringthe temperature 
continuously over IS minutes. The gas addition lance was removed. 

The reactor temperature was lapidly cooled by quenching in water, so that the copper 
solidified into an ingot. 
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Attachment 7: Kxpcrinicnlal Procedure for Copper Run 14-00-03 

A cylindrical alumina-based crucible (89.07% AI2O3. 10.37% S\0?, 0.16%TiO2, 0.15% 
FejO,, 0.0.3% CaO, 0.01% MgO, 0.02% NazO.^ 0.02%. K.O; 9" O.D. x 7.75" I.D. x 14" depth) of 
a 1 00 pound induction furnace reactor supplied by Inductothcrm, fitted with a 75-30R Poweitrak 
power supply and was charged with 1 00 pound.s copper (99.98% purity) through ils charging 
port. During the entire procedure, a slight positive pressure of nitrogen (-0.5 psi) was 
tTiaintaincd in the reactor using a ooniinuo\:s backspace purge. 'I'he reactor was heated to the 
metal charge liquidus point plus 300"^F, at a rate no greater than 300"F/hour, as limited by the 
integrity ol" the crucible. 'i"he induction furnace operated in the frequence range of 0 klJz to 3000 
kHz, with frequency detemiincd by a temperature-controlled feedback loop implementing an 
Omega Model CN300 temperature controller. 

The temperature was again increased to 2462 ''"F again using a rate no greater than 
300"F/hour. When this temperature was reached, graphite saturation assemblies (3/8" OD, 36" 
long high purity (<5 ppm impurities) graphite rods) were inserted to the bottom of the copper 
charge through ports located in the top plaie. The copper was held at 2402 '''F- for 4 hours. Every 
30 minutes during the hold period, an attempt was made to lower the graphite saturation 
assemblies as dissolution occurred. As the copper became .saturated with carbon, the graphite 
saturation a.ssemblies were consumed. After the 4 hour hold period was complete, the graphite 
saturation assemblies were removed. 

f The reactor temperature was increased to 2480"F over 7 minutes. The temperature was 
then varied between 2480°K and 2530''F for 15 cycles. Each cycle consisted ofraising the 
temperature continuously over 7 minutes and lowering the temperature continuously over 7 
minutes. .A.fter the 1 5 cycles were completed, a gas addition lance was lowered into the molten 
metal to a position approximately 2" from the bottom of the reactor and a 1 .5 IVmin flow of 
argon was begun. The temperature ol'lhc copper was varied over another 5 cycles between 
2480°1- and 2.5.30°F. 
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After the fifth cycle, the reactor temperature was lowered to 2462"F over a 1 0 minute 
period with continued argon addition. The graphite saturation assemblies were reinstalled in the 
copper and remained there for 1 hour. The graphite saturation assemblies were removed. 

The reactor temperature was lowered 10 2459"1' over 5 minutes. The reactor was held at 
this temperature for 5 minutes with continued argon addition. The temperature was then varied 
between 2459^ and 245.^ ''F over 20 cycles. Each cycle consisted oflowering the temperature 
continuously over 9 minutes and raising the temperature continuously over 9 minutes. The argon 
addition ceased after completion ol the 20 cycles. 

The reactor temperature was lowered to 2450"? over 5 miuutes. The Icrnperarure was 
varied between 2450'F and 2441 '■"F over 4 'A cycles. Each cycle consisted ofloweritlg the 
temperature continuously over 5 minutes and raising the temperature continuously over 3 
minutes, in addition, while raising the temperature, a 1 .5 L/min flow of argon was added, and 
while lowering the temperature, a 1 .5 L/min flow of nitrogen was added. 

The reactor temperature was lowered to 2438°F over 5 minutes. The temperature was 
varied between 2438"F and 2406"? Ibr 1 5,5 cycles. Kach cycle consisted of lowering the 
temperature continuously over 13 minutes and raising the temperature continuously over 15 
minutes. In addition, while raising the temperature, a 1 .5 L/min How of argon was added, and 
while lowering the temperature, a ! .5 L/min flow of nitrogen was added. All ga.s addition, 
except Ibr the purge of nitrogen ceased after the 1 5.5 cycles were completed. 

, llie lemperalurc was varied between ?.406''l- and 2419- F for one cycle. The cycle 
consisted of raising the temperature continuously over 1 5 minutes and lowering the temperature 
continuously over 1 5 minutes. The gas addition lance was removed. 

The reactor temperature was rapidly cooled by quenching in water, so thai tlic copper 
solidified into an ingot. 
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